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high-resistivity silicon carrier membranes as thin as 5 m can be fabricated to support planar transmission line structures, mounting and alignment tabs, and submillimeter-wave devices. This is the approach we use to make silicon-based micromachined onwafer probes for characterizing planar devices and components over the WR-1.5 (500 to 750GHz) and WR-1.2 (600 to 900GHz) waveguide bands. 1, 2 The micromachined probe shown in Figure 1 (a) consists of a split-block waveguide housing and an integrated drop-in silicon chip with integrated waveguide probe, mounting/alignment tabs, bias filter, and transition to coplanar waveguide contact tips. Recesses milled into the probe housing serve as clamping areas to mechanically support the probe chip as it flexes in response to contact with a device under test. The probe chip is 750 m at its widest and approximately 1.5mm in length. The silicon is high-resistivity material (>10k -cm) and varies from 15 m thick (for the WR-1.5 design) to 5 m thick (for the WR-1.2 design). The shape of the chip is formed through a backside reactive ion etch which allows chips of non-rectangular geometry to be realized. The RF circuitry on the chip consists of a radial probe that is suspended in the waveguide channel, a planar transmission line that extends to an aperture in the probe housing, and a tapered section that forms the coplanar probe tips. The fullyassembled probe is shown in Figure 1 shows measured scattering parameters of the WR-1.5 micromachined probe. The insertion loss (7 to 8dB) was flat across the entire waveguide band, with return loss approximately 15dB. Waveguide loss from the test port to the radial probe (the primary loss mechanism for the probe) contributed approximately 2.6dB to the insertion loss. We also implemented and characterized prototype WR-1.2 (600-900GHz) probes. Our measurements yielded an insertion loss lower than 8dB and return loss of approximately 15dB across the entire band. We found the micromachined probes to be robust. Using a computer-driven stage and commercial load cell to maintain a consistent contact force (20mN), we performed over 20,000 contact cycles using the WR-1.5 probes without significant degradation in electrical performance.
The results above demonstrate that on-wafer measurements can be done well into the submillimeter-wave region. On-wafer probes for the WR-1.5 and WR-1.2 waveguide bands are now available and have demonstrated outstanding RF performance and mechanical robustness. Because the design is based on a milled probe housing and single drop-in chip, replacement of damaged probes is a straightforward process and probe repairs can be done both quickly and multiple times. Furthermore, as the probes are based on silicon micromachining, they are scalable and current efforts are underway to extend this technology for on-wafer measurements to 1THz and beyond. Our next steps will scale the existing probe designs to higher frequencies within the terahertz band and attempt to exploit silicon micromachining and fabrication to integrate sensors and other components into the probes. 3 This will allow for more compact, integrated instruments.
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